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VALVE WITH ELASTICALLY DEFORMABLL
COMPONENT

FIELD OF THE INVENTION

The mvention relates generally to a valve and more par-
ticularly to a valve that includes an elastically deformable
component disposed 1n at least one of a valve head and a valve
body, wherein the elastically deformable component 1s elas-
tically deformed when the valve 1s 1 a closed position to
facilitate a substantially fluid tight seal between the valve
head and the valve body.

BACKGROUND OF THE

INVENTION

A fuel cell system 1s 1increasingly being used as a power
source 1n a wide variety of applications. Fuel cell systems
have been proposed for use in power consumers such as
vehicles as areplacement for internal combustion engines, for
example. Such a fuel cell system 1s disclosed 1n commonly
owned U.S. patent application Ser. No. 10/418,536, hereby
incorporated herein by reference 1n 1ts entirety. A fuel cell
may also be used as a stationary electric power plant in
buildings, and as a portable power source 1mn a camera, a
computer, and the like. Typically, the fuel cell generates elec-
tricity used to charge batteries, or to provide power for an
electric motor.

Fuel cells are electrochemical devices which directly com-
bine a fuel such as hydrogen, and an oxidant such as oxygen,
to produce electricity. The hydrogen 1s typically supplied by
a fuel source such as a hydrogen tank, for example. The
oxygen 1s typically supplied by an air stream.

The basic process employed by a fuel cell 1s efficient,
substantially pollution-free, quiet, free from moving parts
(other than an air compressor, cooling fans, pumps and actua-
tors), and may be constructed to yield only heat and water as
by-products. The term *““tuel cell” 1s typically used to refer to
either a single cell or a plurality of cells, depending upon the
context in which 1t 1s used. The plurality of cells 1s typically
bundled together and arranged to form a stack, with the plu-
rality of cells commonly arranged 1n electrical series. Since
single tuel cells can be assembled 1nto stacks of varying sizes,
systems can be designed to produce a desired energy output
level providing flexibility of design for diflerent applications.

Different tuel cell types can be provided such as phospho-
ric acid, alkaline, molten carbonate, solid oxide, and proton
exchange membrane (PEM), for example. The basic compo-
nents of a PEM-type fuel cell are two electrodes separated by
a polymer membrane electrolyte. Each electrode 1s coated on
one side with a thin catalyst layer. The electrodes, catalyst,
and membrane together form a membrane electrode assembly
(MEA).

In a typical PEM-type fuel cell, the MEA 1s sandwiched
between “anode” and “cathode” diffusion mediums (herein-
after “DM’s) or diffusion layers that are formed from a
resilient, conductive, and gas permeable material such as
carbon fabric or paper, for example. The DM’s serve as the
primary current collectors for the anode and cathode as well
as provide mechanical support for the MEA. The DM’s and
MEA are pressed between a pair of electrically conductive
plates which serve as secondary current collectors for collect-
ing the current from the primary current collectors. The plates
conduct current between adjacent cells internally of the stack
in the case of bipolar plates, and conduct current externally of
the stack 1n the case of monopolar plates at the end of the
stack.
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A valve 1s typically used to selectively permit and militate
against the tlow of a flmid therethrough. In the fuel cell system,

a flow of a hydrogen gas from a source of hydrogen gas to the
tuel cell stack 1s controlled, for example. The valve typically
includes a valve head and a valve body. The valve head and
the valve body are normally formed from different materials,
one material being harder than the other. When the valve 1s 1n
a closed position and the valve head abuts the valve body to
form a substantially fluid tight seal therebetween, the softer
material may be deformed. If this deformation 1s reversible, 1t
1s referred to as elastic deformation. If the deformation 1s not
reversible, 1t 1s referred to as plastic deformation. Plastic
deformation 1s undesirable because 1t may permit leak to
develop between the valve head and the valve body.

Prior art valves include soiter materials formed from an
clastomer, such as ethylene propylene diene monomer rubber
or tluoroelastomer, for example. The elastomers are limited to
use at temperatures above —40° C. However, 1n fuel cell
applications where hydrogen 1s used, for example, lower tem-
peratures such as —80° C. can be experienced. Accordingly,
clastomers cannot be used. At the lower temperatures, plastic
materials such as polyetheretherketone or polytetratluoroet-
hylene are used. These materials accommodate a certain elas-
tic deformation, which 1s useful for facilitating the substan-
tially tfluid tight seal between the valve head and the valve
body. However, use of these materials also creates a possibil-
ity for an amount of plastic deformation, which 1s undesir-
able.

Itwould be desirable to produce a valve for use 1n a fuel cell
stack, wherein the valve includes an elastically deformable
component that 1s elastically deformed when the valve 1s 1n a
closed position, and a plastic deformation of the valve is
minimized.

SUMMARY OF THE INVENTION

Harmonious with the present invention, a valve foruse in a
fuel cell stack, wherein the valve includes an elastically
deformable component that 1s elastically deformed when the
valve 1s 1n a closed position, and a plastic deformation of the
valve 1s minimized, has surprisingly been discovered.

In one embodiment, the valve comprises a valve head
adapted to be disposed 1n a chamber formed 1n the valve; a
valve body having a valve seat formed thereon adapted to abut
at least a portion of the valve head to create a substantially
fluid tight seal therebetween; and an elastically deformable
component disposed on one of the valve head and the valve
body, wherein the elastically deformable component 1s elas-
tically deformed when the valve seat abuts the portion of the
valve head.

In another embodiment, the valve comprises a valve head
adapted to be disposed 1n a chamber formed 1n the valve; a
valve body having a valve seat formed thereon adapted to abut
at least a portion of the valve head to create a substantially
flmid tight seal therebetween; and at least one elastically
deformable component disposed on one of the valve head and
the valve body, wherein the elastically deformable compo-
nent 1s elastically deformed when the valve 1s 1 a closed
position and the valve seat abuts the portion of the valve head,
and wherein the one of the valve head and the valve body
including the elastically deformable component 1s formed
from a material that 1s softer than a material used to form the
other of the valve head and the valve body.

In another embodiment, the valve comprises a valve head
adapted to be disposed 1n a chamber formed 1n the valve and
including a plastic insert; a valve body having a valve seat
tformed thereon adapted to abut at least a portion of the valve
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head to create a substantially fluid tight seal therebetween;
and at least one elastically deformable component disposed in
the plastic isert of the valve head, wherein the elastically
deformable component 1s elastically deformed when the
valve 1s 1n a closed position and the valve seat abuts the
portion of the valve head.

DESCRIPTION OF THE DRAWINGS

The above, as well as other advantages of the present
invention, will become readily apparent to those skilled in the
art from the following detailed description of a preferred
embodiment when considered 1n the light of the accompany-
ing drawings 1n which:

FIG. 1 1s an exploded schematic perspective view of a fuel
cell system according to the prior art;

FI1G. 2 1s a cross-sectional view of a valve shown 1n an open
position 1n accordance with an embodiment of the invention;

FIG. 3 1s a cross-sectional view of the valve 1llustrated in
FIG. 2, with the valve 1n a closed position;

FI1G. 4 1s a cross-sectional view of a valve shown 1n an open
position 1n accordance with another embodiment of the
invention;

FIG. 5 1s a cross-sectional view of the valve 1llustrated in
FIG. 4, with the valve 1n a closed position;

FI1G. 6 1s a cross-sectional view of a valve shown 1n an open
position in accordance with another embodiment of the
invention;

FI1G. 7 1s a cross-sectional view of the valve illustrated in
FIG. 6, with the valve 1n a closed position;

FI1G. 8 1s a cross-sectional view of a valve shown 1n an open
position in accordance with another embodiment of the
invention; and

FIG. 9 1s a cross-sectional view of the valve 1llustrated in
FIG. 8, with the valve 1n a closed position.

DESCRIPTION OF THE PR
EMBODIMENT

FERRED

vy

The following detailed description and appended drawings
describe and illustrate various exemplary embodiments of the
invention. The description and drawings serve to enable one
skilled 1n the art to make and use the invention, and are not
intended to limit the scope of the invention 1n any manner.

FI1G. 1 shows a fuel cell system of the prior art. The fuel cell
system 1ncludes a fuel cell 10 having a cathode side 9 and an
anode side 11. The fuel cell 10 1s 1n fluid communication with
a fuel source 37 and an oxidant source 39. Graphite blocks 18,
20 having a plurality of channels 22, 24 to facilitate fluid
distribution are disposed adjacent the insulation end plates
14, 16. It 1s understood that electrically conductive electrode
plates (not shown) can be used in the place of the graphite
blocks 18, 20. Gaskets 26, 28 and gas diffusion media (GDM)
30, 32, such as carbon fiber paper, for example, having
respective anode and cathode connections 31, 33, are respec-
tively disposed between a membrane electrode assembly
(MEA) 12 and the graphite blocks 18, 20. An oxidant and
current transport means 36 1s made up of the graphite block
18, the gasket 26, and the GDM 30. A fuel and current trans-
port means 38 1s made up of the graphite block 20, the gasket
28, and the GDM 32. The anode connection 31 and the cath-
ode connection 33 are used to interconnect the fuel cell 10
with an external circuit 34, and may include other fuel cells as
desired.

A Tuel cell stack 1s constructed of a plurality of tuel cells 10
clectrically connected in series. Once a desired number of
tuel cells 10 are joined together to form the fuel cell stack, a
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coolant system (not shown) 1s provided with the fuel cell
stack. The 1llustrative fuel cell stack described herein 1s com-
monly used as a power plant for the generation of electric
power 1n a vehicle, for example.

In use, a fuel such as hydrogen 1s supplied from the fuel
source 37, and an oxidant such as oxygen 1s supplied from the
oxidant source 39. The fuel and the oxidant diffuse through
respective tluid and current transport means 36, 38 to oppos-
ing sides of the MEA 12. Porous electrodes (not shown) form
an anode (not shown) at the anode side 11 and a cathode (not
shown) at the cathode side 9, and facilitate a chemical reac-
tion between the fuel and the oxidant 1n the fuel cell 10.

FIGS. 2 and 3 show a valve 50 according to an embodiment
ol the invention. The valve 50 includes a valve head 52 and a
valve body 54. In the embodiment shown, the valve 50 1s a
shut off type valve disposed between a fuel source (not
shown) and a fuel cell (not shown) as described above for
FIG. 1. However, other types of valves can be used and can be
disposed 1n other locations as desired. Other valve types may
be a proportional valve, a check valve, and a pressure regu-
lator valve, for example. A flow path 1s formed 1n the valve 50
from an 1nlet port 36 formed 1n the valve body 54, into a valve
chamber 57, through a gap between the valve head 52 and the
valve body 54 when the valve 50 1s 1n an open position, and
through an outlet port 58 formed in the valve body 54. It 1s
understood that other valve types may provide a flow path
different from the exemplary path described herein.

In the embodiment shown, the valve head 52 includes an
insert 60 formed from a plastic, which 1s softer than a material
used to form the valve body 54. However, it 1s understood that
the insert 60 can be formed from other materials as desired. It
1s also understood that the valve head 52 may be formed
without the insert 60, wherein the entire valve head 52 1s
formed from a material softer than the material used to form
the valve body 54. The valve head 52 includes an elastically
deformable component 62 formed therein. It 1s understood
that additional elastically deformable components 62 can be
formed in the valve head 52 as desired, such as an annular
array of elastically deformable components 62, for example.
In the embodiment shown, the elastically deformable com-
ponent 62 1s a continuous, annular ring with a fluid-filled
pressure chamber. However, other types of elastically
deformable components can be used as desired. As used
herein, the term tfluid refers to a liquid, a gas, or any combi-
nation thereof. The elastically deformable component 62 1s in
fluid communication with a plurality of pressure release bores
65 that are formed 1n the valve head 52. The pressure release
bores 63 are 1n fluid communication with the valve chamber
57. It 1s understood that additional or fewer pressure release
bores 65 may be formed 1n the valve head 52 as desired. The
valve head 52 1s operably connected to an actuator (not
shown) which selectively positions the valve head 52 1n an
open position as i1llustrated 1n FIG. 2 and a closed position as
illustrated in FIG. 3.

The valve body 54 1s formed from a material that 1s harder
than the material used to form the insert 60 such as aluminum,
for example. The valve body 54 includes an annular lip 64,
also known as a valve seat, which surrounds the outlet port 58.
The lip 64 1s adapted to abut the insert 60 when the valve 50
1s 1n a closed position to create a substantially fluid tight seal
therebetween.

A sealing member 66 1s formed with the valve body 54 and
cooperates with the valve body 34 to form the valve chamber
57. The sealing member 66 shown 1s formed integrally with
the valve body 54, but may also be formed as a separate
component without departing from the scope and spirit of the
invention. A valve stem 68 disposed between the valve head
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52 and the actuator extends through an aperture formed in the
sealing member 66. It 1s understood that the valve stem 68
may be slidingly disposed 1n the aperture formed 1n the seal-
ing member 66 1f the sealing member 66 1s stationary in
respect of the valve body 54, or the valve stem 68 may be
ailixed to the sealing member 66 11 the sealing member 66 1s
slidably received by the valve body 54. When the sealing
member 66 1s slidably received by the valve body 34, the
sealing member 66, the valve stem 68, and the valve head 52
all move together as a unit. It 1s further understood that other
actuator types may be used which eliminate the need for the
sealing member 66.

In use, when a flow of a flmd through the valve 50 1s
desired, the actuator positions the valve head 52 in an open
position as 1illustrated i FIG. 2. It 1s understood that the
actuator can position the valve 50 1n an open position by other
means as desired, such as by adjusting the position of the
valve body 54, for example. When the valve head 52 1s 1n an
open position, the fluid 1s permitted to flow 1nto the nlet port
56, through the gap between the valve head 52 and the valve
body 54, and out of the outlet port 58.

When it 1s desired to mailitate against the tlow of the fluid
through the valve 50, the actuator positions the valve head 52
in a closed position as illustrated 1n FIG. 3. When the valve
head 52 1s 1n a closed position, the msert 60 abuts the lip 64
formed on the valve body 54 to close the gap between the
valve head 52 and the valve body 54. Accordingly, the tlow of
the fluid 1s militated against. A force 1s exerted on the valve
head 52 by the lip 64, which causes the elastically deformable
component 62 to deform. When the elastically deformable
component 62 1s deformed, fluid present 1n the deformable
component 62 1s caused to flow through the pressure release
bores 63 1nto the valve chamber 57. When the valve head 52
1s moved back 1nto an open position, the force exerted on the
valve head 32 1s released, and the elastically deformable
component 62 returns to 1ts original shape and position. The
fluid 1s permitted to tlow back into the elastically deformable
component 62 through the pressure release bores 65. A pres-
sure exerted by the fluid on the deformable component 62 1n
the pressure release bores 65 when the valve head 52 1s in the
closed position militates against a plastic deformation of the
insert 60.

While the elastically deformable component 62 has been
shown as being formed 1n the valve head 52, the elastically
deformable component 62 may be formed 1n the valve body
54 without departing from the spirit and scope of the mven-
tion. It 1s understood that 11 the elastically deformable com-
ponent 62 1s formed in the valve body 54 rather than in the
valve head 52, the valve body 54 would be formed from a
material that 1s softer than the material used to form the valve
head 52.

FIGS. 4 and 5 show a valve 150 according to another
embodiment of the invention. The valve 150 includes a valve
head 152 and a valve body 154. In the embodiment shown, the
valve 150 1s a shut off type valve disposed between a fuel
source (not shown) and a fuel cell (not shown) as described
above for FI1G. 1. However, other types of valves can be used
and the valve can be disposed 1n other locations as desired. A
flow path 1s formed 1n the valve 150 from an inlet port 156
formed 1n the valve body 154, into a valve chamber 157,
through a gap between the valve head 152 and the valve body
154 when the valve 150 1s 1n an open position, and through an
outlet port 158 formed 1n the valve body 154.

In the embodiment shown, the valve head 152 includes an
insert 160 formed from a plastic which 1s softer than a mate-
rial used to form the valve body 154. However, 1t 1s under-
stood that the insert 160 can be formed from other materials as
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desired. It 1s also understood that the valve head can be
formed without the 1insert 160, wherein the entire valve head
152 may be formed from a material which 1s softer than the
material used to form the valve body 154. The valve head 152
includes an elastically deformable component 162 formed
therein. It1s understood that additional elastically deformable
components 162 can be formed 1n the valve head 152 as
desired such as an annular array of elastically deformable
components 162, for example. In the embodiment shown, the
clastically deformable component 162 1s a continuous, annu-
lar ring with a fluid-filled pressure chamber. However, other
types of elastically deformable components can be used as
desired. The elastically deformable component 162 1s 1n fluid
communication with a plurality of pressure release bores 165
formed 1n the valve head 152. The pressure release bores 165
are 1n fluid communication with the valve chamber 157. It 1s
understood that additional or fewer pressure release bores 1635
may be formed 1n the valve head 152 as desired. The valve
head 152 includes an annular tapered surface 161 that 1s
adapted to abut the valve body 154. The valve head 152 1s
operably connected to an actuator (not shown) which selec-
tively positions the valve head 152 in an open position as
illustrated in F1G. 4 and a closed position as 1llustrated in FIG.
5.

The valve body 154 1s formed from a material that 1s harder
than the material used to form the mnsert 160, such as alumi-
num, for example. The valve body 154 includes an annular
tapered surface 164, also known as a valve seat, surrounding
the outlet port 158. The annular tapered surface 164 1s adapted
to abut the annular tapered surface 161 of the insert 160 when
the valve head 152 1s 1n a closed position to create a substan-
tially fluid tight seal therebetween.

A sealing member 166 1s formed with the valve body 154
to form the valve chamber 157 therebetween. The sealing
member 166 shown 1s formed integrally with the valve body
154, but can be formed separately, 11 desired. A valve stem
168 disposed between the valve head 152 and the actuator
extends through an aperture formed in the sealing member
166. It 1s understood that the valve stem 168 may be slidingly
disposed 1n the aperture of the sealing member 166 i the
sealing member 166 1s stationary 1n respect of the valve body
154, or the valve stem 168 may be allixed to the sealing
member 166 11 the sealing member 166 1s slidably received by
the valve body 154. When the sealing member 166 1s slidably
received by the valve body 154, the sealing member 166, the
valve stem 168, and the valve head 152 all move together as a
unit. It 1s further understood that other actuator types may be
used which eliminate the need for the sealing member 166.

In use, when a flow of a fluid through the valve 150 1s
desired, the actuator positions the valve head 152 1n an open
position as illustrated 1 FIG. 4. It 1s understood that the
actuator can position the valve head 152 1n an open position
by other means as desired, such as by adjusting the position of
the valve body 154, for example. When the valve head 152 1s
1in an open position, the fluid 1s permitted to flow 1nto the mlet
port 156, through the gap between the valve head 152 and the
valve body 154, and out of the outlet port 158.

When 1t 1s desired to militate against the flow of tluid
through the valve 150, the actuator positions the valve head
152 1n a closed position as illustrated 1n FIG. 5. It 1s under-
stood that the actuator can position the valve head 152 in a
closed position by other means as desired, such as by adjust-
ing the position of the valve body 154, for example. When the
valve head 152 1s 1n a closed position, the tapered surface 161
of the msert 160 abuts the tapered surface 164 of the valve
body 154 to close the gap between the valve head 152 and the
valve body 154 and the flow of the fluid 1s militated against. A
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force 1s exerted on the valve head 152 by the tapered surface
164 which causes the elastically deformable component 162
to deform. When the elastically deformable component 162 1s
deformed, fluid 1s caused to flow out of the elastically deform-
able component 162 through the pressure release bores 1635
and 1nto the valve chamber 157. When the valve head 152 1s
moved back into an open position, the force exerted on the
valve head 152 1s released, and the elastically deformable
component 162 reverts to 1ts original position and shape. The
fluid 1s permitted to tlow back into the elastically deformable
component 162 through the pressure release bores 165. A
pressure exerted by the fluid on the deformable component
162 1in the pressure release bores 1635 when the valve head 152
1s 1n the closed position militates against a plastic deforma-
tion of the 1nsert 160.

While the elastically deformable component 162 has been
shown as being formed 1n the valve head 152, the elastically
deformable component 162 may be formed 1n the valve body
154 as desired without departing from the spirit and scope of
the invention. It 1s understood that if the elastically deform-
able component 162 1s formed 1n the valve body 154 rather
than 1n the valve head 152, the valve body 154 would be
formed from a material that 1s softer than the material used to
form the valve head 152.

FIGS. 6 and 7 show a valve 250 according to another
embodiment of the invention. The valve 250 includes a valve
head 252 and a valve body 254. In the embodiment shown, the
valve 250 1s a shut off type valve disposed between a fuel
source (not shown) and a fuel cell (not shown) as described
above for FIG. 1. However, other types of valves can be used
and can be disposed 1n other locations as desired. A flow path
1s formed 1n the valve 250 from an inlet port 256 formed 1n the
valve body 254, into a valve chamber 257, through a gap
between the valve head 252 and the valve body 254 when the
valve head 252 1s 1n an open position, and through an outlet
port 258 formed 1n the valve body 254.

In the embodiment shown, the valve head 252 includes an
insert 260 formed from a plastic, which 1s softer than a mate-
rial used to form the valve body 254. However, 1t 1s under-
stood that the insert 260 can be formed from other materials as
desired. It 1s also understood that the mnsert 260 may be
formed integrally with the valve head 252, wherein the entire
valve head 252 may be formed from a material which 1s softer
than the material used to form the valve body 254. The valve
head 252 includes an elastically deformable component 262
disposed 1n an annular cavity 263 formed therein. It 1s under-
stood that additional elastically deformable components 262
and cavities 263 can be formed in the valve head 252 as
desired, such as an annular array of elastically deformable
components 252 and cavities 263. It 1s also understood that a
plurality of elastically transformable components 262 may be
disposed 1n lesser number of cavities 263 without departing
from the scope and spirit of the invention, such as wherein an
annular array of elastically deformable components 262 is
disposed 1n the ring shaped cavities 263, for example. In the
embodiment shown, the elastically deformable component
262 1s a metal spring. However, other types of elastically
deformable components 262 can be used as desired. The
cavity 263 1s 1n flud communication with a plurality of pres-
sure release bores 265 that are formed 1n the valve head 252.
The pressure release bores 2635 are in fluid communication
with the valve chamber 257. It 1s understood that additional or
tewer pressure release bores 2635 may be formed 1n the valve
head 252 as desired. The valve head 252 1s operably con-
nected to an actuator (not shown) which selectively positions
the valve head 252 1n an open position as illustrated 1n FI1G. 6
and a closed position as 1llustrated 1n FI1G. 7.
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The valve body 254 1s formed from a material that 1s harder
than the material used to form the 1nsert 260 such as alumi-
num, for example. The valve body 254 includes an annular lip
264, also known as a valve seat, surrounding the outlet port
258. The lip 264 1s adapted to abut the insert 260 when the
valve head 252 1s 1n a closed position to create a substantially
fluid tight seal therebetween.

A sealing member 266 1s formed with the valve body 254
to form the valve chamber 257. The sealing member 266
shown 1s formed 1ntegrally with the valve body 254, but could
be formed separately, for example. A valve stem 268 attached
to the valve head 252 and the actuator extends through an
aperture formed 1n the sealing member 266. It 1s understood
that the valve stem 268 may be slidingly disposed in the
aperture of the sealing member 266 1f the sealing member 266
1s stationary 1n respect of the valve body 254. Alternatively,
the valve stem 268 may be aflixed to the sealing member 266
if the sealing member 266 1s slidably received by the valve
body 254. When the sealing member 266 i1s slidably received
by the valve body 254, the sealing member 266, the valve
stem 268, and the valve head 252 would all move together as
a unit. It1s further understood that other actuator types may be
used which eliminate the need for the sealing member 266.

In use, when a flow of a fluid through the valve 250 1s
desired, the actuator positions the valve head 252 1n an open
position as 1illustrated m FIG. 6. It 1s understood that the
actuator can position the valve 250 1 an open position by
other means as desired, such as by adjusting the position of
the valve body 254, for example. When the valve head 252 1s
1in an open position, the fluid 1s permitted to flow into the mlet
port 256, through the gap between the valve head 252 and the
valve body 254, and out of the outlet port 258.

When 1t 1s desired to militate against the flow of fluid
through the valve 250, the actuator positions the valve head
252 1n a closed position as 1llustrated in FIG. 7. It 1s under-
stood that the actuator can position the valve head 252 in a
closed position by other means as desired, such as by adjust-
ing the position of the valve body 254, for example. When the
valve head 252 1s 1n a closed position, insert 260 abuts the lip
264 formed on the valve body 254 to close the gap between
the valve head 252 and the valve body 254, and the flow of the
fluid through the valve 250 1s militated against. A force 1s
exerted on the valve head 252 by the lip 264 which causes the
clastically deformable component 262 to deform. When the
clastically deformable component 262 1s deformed, fluid 1n
the cavity 263 flows out through the pressure release bores
265 and 1nto the valve chamber 257. When the valve head 252
1s moved back into an open position, the force exerted on the
valve head 252 1s released and the elastically deformable
component 262 returns to its original position and shape. The
fluid 1s permitted to flow back into the cavity 263 through the
pressure release bores 265. A pressure exerted on the insert
260 by the deformable component 262 and the tluid when the
valve head 2352 1s 1n the closed position militates against a
plastic deformation of the insert 260.

While the elastically deformable component 262 has been
shown as being disposed in the cavity 263 that 1s formed in the
valve head 252, the elastically deformable component 262
may be disposed 1n a cavity (not shown) formed 1n the valve
body 254 as desired without departing from the spirit and
scope of the invention. It 1s understood that 11 the elastically
deformable component 262 1s disposed 1n a cavity formed 1n
the valve body 254 rather than 1n the valve head 252, the valve
body 254 would be formed from a material that 1s softer than
the material used to form the valve head 252.

FIGS. 8 and 9 show a valve 350 according to another
embodiment of the invention. The valve 350 includes a valve
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head 352 and a valve body 354. In the embodiment shown, the
valve 350 1s a shut off type valve disposed between a fuel
source (not shown) and a fuel cell (not shown) as described
above for FI1G. 1. However, other types of valves can be used
and can be disposed 1n other locations as desired. A flow path
1s formed 1n the valve 350 from an inlet port 356 formed 1n the
valve body 354, into a valve chamber 357, through a gap
between the valve head 352 and the valve body 354 when the
valve head 352 1s 1n an open position, and through an outlet
port 358 formed 1n the valve body 354.

In the embodiment shown, the valve head 352 includes an
isert 360 formed from a plastic, which 1s softer than a mate-
rial used to form the valve body 354. However, 1t 1s under-
stood that the insert 360 can be formed from other materials as
desired. It 1s also understood that the insert 360 may be
formed with the valve head 352, wherein the entire valve head
352 may be formed from a material which 1s softer than the
material used to form the valve body 354. The valve head 352
includes an elastically deformable component 362 disposed
in an annular cavity 363 formed therein. It 1s understood that
additional elastically deformable components 362 and cavi-
ties 363 can be formed 1n the valve head 352 as desired, such
as an annular array of elastically deformable components 352
and cavities 363, for example. It 1s also understood that a
plurality of elastically transformable components 362 may be
disposed 1n lesser number of cavities 363 without departing
from the scope and spirit of the invention, such as wherein an
annular array of elastically deformable components 362 is
disposed 1n the ring shaped cavity 363, for example. In the
embodiment shown, the elastically deformable component
362 1s a metal spring. However, other types of elastically
deformable components can be used as desired. The cavity
363 15 1 fluud communication with a plurality of pressure
release bores 365 that are formed 1n the valve head 352. The
pressure release bores 363 are 1 fluid communication with
the valve chamber 357. It 1s understood that additional or
fewer pressure release bores 365 may be formed 1n the valve
head 352 as desired. The valve head 352 includes an annular
tapered surface 361 that 1s adapted to abut the valve body 354.
The valve head 352 1s operably connected to an actuator (not

shown) which selectively positions the valve head 352 1n an
open position as 1llustrated 1n FIG. 8 and a closed position as
illustrated 1n FIG. 9.

The valve body 354 1s formed from a material that1s harder
than the material used to form the insert 360, such as alumi-
num, for example. The valve body 354 includes an annular
tapered surface 364, also known as a valve seat, around the
outlet port 358. The annular tapered surface 364 1s adapted to
abut the annular tapered surface 361 of the insert 360 when
the valve head 352 1s 1n a closed position to create a substan-
tially fluid tight seal therebetween.

A sealing member 366 1s formed with the valve body 354
to form the valve chamber 357. The sealing member 366
shown 1s formed integrally with the valve body 354, but could
be formed as a separate element, for example. A valve stem
368 disposed between the valve head 352 and the actuator
extends through an aperture formed in the sealing member
366. It 1s understood that the valve stem 368 may be slidingly
disposed 1n the aperture of the sealing member 366 if the
sealing member 366 1s stationary 1n respect of the valve body
354, or the valve stem 368 may be affixed to the sealing
member 366 if the sealing member 366 1s slidably recerved by
the valve body 354. When the sealing member 366 1s slidably
received by the valve body 354, the sealing member 366, the
valve stem 368, and the valve head 352 would all move
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together as a unit. It 1s further understood that other actuator
types may be used which eliminate the need for the sealing
member 366.

In use, when a flow of a fluid through the valve 3350 1s
desired, the actuator positions the valve head 352 1n an open
position as illustrated mm FIG. 8. It 1s understood that the
actuator can position the valve head 352 1n an open position
by other means as desired, such as by adjusting the position of
the valve body 354, for example. When the valve head 352 1s
in an open position, the fluid 1s permitted to flow into the mnlet
port 356, through the gap between the valve head 352 and the
valve body 354, and out of the outlet port 358.

When 1t 1s desired to militate against the flow of tluid
through the valve 350, the actuator positions the valve head
352 1n a closed position as 1illustrated 1n FIG. 9. It 1s under-
stood that the actuator can position the valve head 352 1n a
closed position by other means as desired, such as by adjust-
ing the position of the valve body 354, for example. When the
valve head 352 15 1n a closed position, the insert 360 abuts the
tapered surface 364 of the valve body 354 to close the gap
between the valve head 352 and the valve body 354, and the
flow of the fluid 1s militated against. A force 1s exerted on the
valve head 352 by the tapered surface 364 which causes the
clastically deformable component 362 to deform. When the
clastically deformable component 362 1s deformed, fluid 1n
the cavity 363 1s caused to tflow out through the pressure
release bores 365 and into the valve chamber 357. When the
valve head 352 1s moved back into an open position, the force
exerted on the valve head 352 1s released, and the elastically
deformable component 362 returns to its original position and
shape, wherein the fluid flows back into the cavity 363
through the pressure release bores 365. A pressure exerted on
the msert 360 by the deformable component 362 and the fluid
when the valve head 352 1s 1n the closed position militates
against a plastic deformation of the insert 360.

While the elastically deformable component 362 has been
shown as being disposed in the cavity 363 that 1s formed in the
valve head 352, the elastically deformable component 362
may be disposed 1n a cavity (not shown) formed 1n the valve
body 354 as desired without departing from the spirit and
scope of the mvention. It 1s understood that 1f the elastically
deformable component 362 1s disposed 1n a cavity formed 1n
the valve body 354 rather than 1n the valve head 352, the valve
body 354 would be formed from a material that 1s softer than
the material used to form the valve head 352.

From the foregoing description, one ordinarily skilled 1n
the art can easily ascertain the essential characteristics of this
invention and, without departing from the spirit and scope
thereol, can make various changes and modifications to the
invention to adapt 1t to various usages and conditions.

What 1s claimed 1s:

1. A valve comprising:

a valve head adapted to be disposed 1n a chamber formed 1n
the valve:

a valve body having a valve seat formed thereon;

an sert disposed on the valve head, the insert having an
annular channel, wherein the insert 1s elastically
deformed when the valve seat abuts the insert to create a
substantially fluid tight seal therebetween;

a pressure release bore formed 1n and through the valve
head providing fluid communication between the annu-
lar channel and the chamber an elastically deformable
component disposed 1n the annular channel; and

wherein the elastically deformable component 1s a spring.

2. The valve according to claim 1, wherein the valve 1s

disposed 1n a fuel cell system.
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3. The valve according to claim 1, wherein the valve seat
has a tapered surface adapted to abut a tapered surface of the
insert.

4. The valve according to claim 1, wherein the valve seat
has an annular lip adapted to abut the insert.

5. The valve according to claim 1, wherein the insert 1s
formed from a material that 1s softer than a material used to
form the valve body.

6. The valve according to claim 5, wherein the insert 1s
formed from a plastic and the valve body 1s formed from a
metal.

7. A valve for a fuel cell system comprising;:

a valve head adapted to be disposed 1n a chamber formed 1n

the valve:

a valve body having a valve seat formed thereon;

an 1nsert disposed on the valve head, the insert having an
annular channel, wherein the insert 1s elastically
deformed when the valve seats abuts the msert to create
a substantially fluid tight seal therebetween;

a pressure release bore formed 1n and through the valve
head providing fluid communication between the annu-
lar channel and the chamber;

an elastically deformable component disposed 1n the annu-
lar channel; and

wherein the elastically deformable component 1s a spring.

12

8. The valve according to claim 7, wherein the valve seat

has a tapered surface adapted to abut a tapered surface of the
insert when the valve 1s 1n a closed position.

9. The valve according to claim 7, wherein the valve seat

> has an annular lip adapted to abut the insert when the valve is
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in a closed position.

10. A valve for a fuel cell system comprising:

a valve head adapted to be disposed 1n a chamber formed 1n
the valve:

a valve body having a valve seat formed thereon;

an msert disposed on the valve head, the insert having an
annular channel, wherein the insert 1s elastically
deformed when the valve seats abuts the 1nsert to create
a substantially fluid tight seal therebetween;

a pressure release bore formed 1n and through the valve
head providing fluid communication between the annu-
lar channel and the chamber;

an elastically deformable component disposed 1n the annu-
lar channel, wherein the elastically deformable compo-
nent 1s deformed when the valve 1s 1n a closed position

and the valve seat abuts the insert; and
wherein the elastically deformable component 1s a spring.
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